Effect of Ball Milled and Ultrasonic Sago Starch Dispersion on Sago Starch Filled Natural Rubber Latex (SSNRL) Films  by Suki, F.M. Mat et al.
 Procedia Chemistry  19 ( 2016 )  782 – 787 
1876-6196 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of School of Materials and Mineral Resources Engineering, Universiti Sains Malaysia
doi: 10.1016/j.proche.2016.03.085 
ScienceDirect
                     5th International Conference on Recent Advances in Materials, Minerals and 
Environment (RAMM) & 2nd International Postgraduate Conference on Materials, Mineral and 
Polymer (MAMIP), 4-6 August 2015 
Effect of Ball Milled and Ultrasonic Sago Starch Dispersion on 
Sago Starch Filled Natural Rubber Latex (SSNRL) Films 
F.M. Mat Sukia, A.R. Azuraa*, B. Azaharib 
a
 School of Materials and Mineral Resources Engineering, Engineering Campus, Universiti Sains Malaysia, 14300 Nibong Tebal, Penang, 
Malaysia 
b
 School of Industrial Technology, Universiti Sains Malaysia, 11800 Minden, Penang, Malaysia. 
Abstract 
The methods of dispersions preparation play a role in reduction of the particle size of the prepared dispersion. In the natural 
rubber latex compounding, the powder ingredients need to be dispersed before added in latex compounding to ensure the 
homogenous distribution in the compounds. In this study, two different methods of sago starch dispersion preparation, which are 
ball milling and ultrasonic were prepared. The effect of these methods on the mechanical properties of sago starch filled natural 
rubber latex (SSNRL) films was investigated. Particle size measurement test, scanning electron microscope (SEM) test and 
tensile test were carried out. The results showed that ball milling method has given smaller particle size and better dispersions 
compared to ultrasonic method. Thus, ball milled SSNRL film shown better mechanical properties due to the smaller size of 
starch particles.  
 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Rubber gloves are one of the highest productions of consumable and disposable commodity worldwide. 
Analysis in 2014 shows 178.6 billion pieces of rubber gloves produced and predicted to grow at 8% to 10% in 
20151. Malaysia, currently has known as the largest glove manufacturer share about 62% of global markets. The 
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continuing increased in demands of rubber gloves will directly contribute to rubber waste solid disposal problem. 
This is due to complexity of latex based products to degrade in nature environment hence increased the time for 
degradation in the landfill which normally occurred after more than 2 years2-5. One of natural fillers which have been 
extensively study to be incorporated with natural rubber latex is starch base materials3. Sago starch (Metroxylon 
sagu) is a non-toxic biopolymer, natural renewable and low environmental impact which readily biodegrade in 
soil6,7 . Sago starch has multitude uses in both food and non-food industries8. Sarawak is currently one of the world 
largest exporters of sago products, with approximately 48, 315 tonnes sago starch exported to several countries 
annually9. This starch is used as filler because it is relatively inexpensive and abundantly available in South East 
Asia especially in Malaysia10. The addition of sago starch as filler in NR latex has potential to improve the 
biodegradability of NR films. Generally, filler used in NR latex needs to be prepared in liquid medium prior to 
mixing process to improve their dispersion and homogeneity. The crystalline region of starch with the compact 
arrangements of molecules inhibits or limits water or chemical reagents to penetrate and react with molecules 
resulting the higher gelatinization temperature and decreased in chemical reactivity11. During gelatinization, there 
are three main processes occurs: starch granule swelling, crystal or double helical melting and amylose leaching. 
The mechanism of starch gelatinization occurs when the water molecules penetrate into the amorphous region and 
cause the granule to swell. When heat is applied, a decrease of birefringence, loss of the double helix structure and 
loss of crystallinity of starch granule occurred. The amylose begins to leach out from the granule including 
fragments of amylopectin and starch stabilization occurred. Finally, the starch granules which contain mostly 
amylopectin are collapsed and held in the matrix of amylose to form a gel network12,13. Thus, the preparation of 
starch dispersion needs to be carefully carried out in order to avoid gelatinization of starch during the preparation 
process. 
Ball milling is widely used for preparing filler dispersion for latex compounding ingredients. Ball milling is a 
mechanical method to reduce crystalline region and modify physicochemical properties of starch using friction, 
impingement, collision, shear or other mechanical actions14. The basic processing parameters include ball milling 
time and ball rotation speed. On the other hand, the ultrasonic has been used by many researchers and industries to 
prepare dispersion together with ball milling. Ultrasonic is widely used in preparation of nano fillers dispersion such 
as carbon nanotubes (CNTs)15,16. The cavitation during ultrasonic process generates high shear forces that break 
particle agglomerates into single dispersed particles. Duration for ultrasonic plays an important role in dispersing 
powders into the liquid. Xiong et al.17 proved that an excellent time to prepare suspension is when the ultrasonic 
power and frequency is fixed. 
The aim of this research was to compare two different dispersion methods: ball milling and ultrasonic; on the 
starch particle size and the influence of resultant starch dispersion obtained were investigated on the mechanical 
properties of NR latex film. It is important to achieve small particle size (less than 5 µm) to ensure the stabilization 
during processing the NR latex compounds. 
 
2. Experimental 
2.1. Materials 
High ammonia NR latex with 60% total solid content was purchased from Zarm Scientific and Supplies 
(Malaysia) Sdn Bhd. Sago starch was manufactured by Sago Link Sdn Bhd. Potassium hydroxide by Merck Sdn 
Bhd. Anchoid, antioxidant, zinc oxide (ZnO), zinc diethyldithiocarbamate (ZDEC) and sulphur dispersions were 
supplied by HH Saintifik Enterprise Sdn Bhd and were used as received. 
2.2. Sago starch dispersion preparation 
     Sago starch dispersion was prepared by using the formulation as shown in Table 1. The preparation of initial 
coarse slurry was done by mixing the aqueous solutions of dispersing agent and stabilizer with water first followed 
by addition of sago starch under speed stirring at 250 rpm for 20 minutes at room temperature. The resulting slurry 
of sago starch dispersion was then prepared by two dispersion methods according to Jiang et al.18 with slightly 
784   F.M. Mat Suki et al. /  Procedia Chemistry  19 ( 2016 )  782 – 787 
modification. There were ball milling and ultrasonic. Plenatary ball mill and UP200S ultrasonic processor were used 
in this study. Parameters for both equipments used are shown in Table 2. 
 
 
 
Table 1. Formulation for sago starch dispersion 
Ingredients Weight  (g) 
Sago starch 25 
10% KOH 3 
Anchoid 5 
Distilled water 67 
 
Table 2. Parameters for preparing the both dispersions 
Dispersion Method Ball Milling Ultrasonic 
tbm 
(min) 
Ball mill diameter 
(mm) 
Speed (rpm) tus 
(min) 
Power 
(W) 
Frequency 
(kHz) 
 Ball milling 90 10 20  300 25 
Ultrasonic  10  25 300 25 
2.3. Sago starch filled natural rubber latex (SSNRL) film preparation 
     The pre-vulcanized SSNRL compound was prepared according to formulation in Table 3 in a reaction flask at 70 
°C. A chloroform number test was used to determine the degree of pre-vulcanization of the compound. The pre-
vulcanization was stopped at chloroform number 3. The compound then was allowed to cool and mature for 24 
hours under room temperature. SSNRL films were prepared by coagulant dipping (10% calcium nitrate). Cleaned 
and dried aluminum plates were dipped in coagulant tank for 10s followed by drying at 100 °C in an oven for 15 
minutes. The dried former then dipped in latex tank for 10s. Then, the aluminum plates were withdrawn and dried in 
the oven at 100 °C for 30 minutes. The dried SSNRL films were stripped from the aluminum plates and placed in 
the desiccators before further tests. 
Table 3. Formulation for natural rubber latex compounds 
Ingredients Part per hundred 
rubber (phr) 
60% NR latex 100 
10% KOH 0.3 
50% ZnO 0.25 
50% ZDEC 0.75 
50% Sulphur 0.50 
10% Sago Starch 10 
 
2.4. Particle size 
The particle size distribution of the starch dispersion was measured using Malvern Mestersizer 2000S. The 
sample used was 1g of sago starch dispersion which was pre-dispersed in 10 ml of water. 
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2.5. Scanning electron microscope (SEM) 
The examination of dispersion was carried out using a Scanning Electron Microscope (SEM) model Zeiss Supra-
35VP to obtain information on the surface of the dispersion. Both dispersions were coated with a layer of gold 
palladium to eliminate electrostatic charge build-up during examination.  
 
2.6. Mechanical properties 
The tensile properties of the SSNRL films were determined by using Instron Universal testing machine 
(INSTRON 5982) according to ASTM D412-92. Dumbbell test pieces were cut from the NR latex films with 
Wallace die cutter. A cross head speed of 500 mm/min was used and the tensile test was conducted at 25 °C. The 
tensile strength, modulus at 100% and 300% elongation (M100 and M300) and elongation at break were analyzed 
from the tensile data. The tear test was performed by pulling the angled tear specimen using Instron Universal 
testing machine (INSTRON 5982) according to ASTM D624. The tear strength of SSNRL films is a measure of the 
tearing energy required to propagate the tear and this energy was evaluated by dividing the force required to 
complete the tear the specimen with the thickness. 
 
3. Results and discussion 
3.1. Particle size 
Fig.1. shows the particle size distribution of sago starch measured by the particle size analyzer. Sago starch 
dispersion shows a bimodal particle size distribution with mean particle size of dispersed starch particle size for ball 
milling method is 13.5 µm and 15.2 µm for the ultrasonic method. This probably due to the semi crystalline regions 
that present in the starch. From the particle size results, ball milling method is better in reducing size of the starch 
particle compared to ultrasonic but both methods show bigger particle compared with NR latex particles (3-5 µm). 
Fu et al.18 mentioned that the filler reinforcement in NR latex films is mainly depending on particle size, surface area 
and surface activity of the filler. As the particle size become smaller, the surface area increases, thus providing more 
available contact between rubber molecule and filler particle. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Particle size distribution of different dispersion methods 
3.2. Scanning electron microscope (SEM) 
Figure 2 shows the morphological analysis of the dispersed sago starch for both methods. Both dispersions 
showed that the dispersed starch exhibited pre-gelatinization structure (Fig. 2(b) and Fig. 2(c)) compared to the 
initial structure of native sago starch (Fig. 2(a)). During ball milling and ultrasonic, some amylose in starch tended 
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to form hydrogen bonding with water and diffused out of the granule during hydrolysis process4. The diffusion of 
some amylose during the pre-gelatinization of starch slightly distorted the structure of starch.  
 
 
 
a 
 
b 
 
c 
 
Fig. 2. Morphologies for (a) native sago starch; (b) ball milled sago starch; (c) ultrasonic sago starch 
 
3.3. Mechanical properties 
The mechanical properties of unfilled NR latex (NRL) and SSNRL films for both dispersion methods are 
presented in Table 4. The unfilled NR latex films showed higher tensile strength owing to the ability to strain 
induced crystallization behavior compared to filled NR latex films. For filled NR latex films, the ball milled SSNRL 
films showed slightly higher tensile strength compared to the ultrasonic SSNRL films due to the smaller size of 
starch particle in the former. For the tear strength, the addition of fillers normally improved the tear strength due to 
the existing of the fillers in the NR latex matrix able to deviate the crack propagation hence contribute to the high 
strength. The lower tear strength value of ball milled SSNRL films is mainly due to the reduction of particle size of 
the starch. Smaller starch particles size provides less potential to restrict the crack growth during deformation and 
deviated the cracks. In general, M100 and M300 of ball milled SSNRL film are higher because of the stiffening 
effect caused both interaction of the sago starch particles with the rubber matrix19. The smaller particle size of the 
sago starch promotes better interaction with the rubber matrix20. Thus, good filler-rubber interaction contributes to 
the formation of immobilized or partially immobilized polymer phase and then strengthens the film. 
  
Table 4. Mechanical properties of ball milled and ultrasonic SSNRL films 
Parameter Tensile Strength 
(MPa) 
Tear Strength 
(MPa) 
M100 (MPa) M300 (MPa) 
Unfilled NRL 21.90 54.10 0.41 0.62 
Ball Milled SSNRL 19.54 54.74 0.697 1.204 
Ultrasonic SSNRL 18.82 67.62 0.542 1.115 
 
4. Conclusion 
Sago starch dispersions were successfully prepared by ball milling and ultrasonic methods but the starch particle 
size produced were still bigger with NR latex particle (3-5µm). Smaller size of ball milled dispersed starch has 
influenced a better mechanical properties of SSNRL film compared to ultrasonic dispersed starch. Both dispersed 
starch showed pre-gelatinized and gelatinized structure via SEM. Results revealed that method of dispersion 
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preparations influenced the mechanical properties of SSNRL film due to better distribution of the starch dispersion 
in the NR latex compound. 
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